Following a request from the EU Commission, the Panel on Plant Health has addressed the pest categorisation of non-EU isolates of potato virus A (PVA). The information currently available on geographical distribution, biology, epidemiology, potential entry pathways, potential additional impact over the current situation and availability of control measures of non-EU isolates of PVA has been evaluated with regard to the criteria to qualify as potential Union quarantine pest. Because non-EU isolates of PVA are absent from the EU, they do not meet one of the requirements to be regulated as a regulated non-quarantine pest (RNQP) (presence in the EU); as a consequence, the Panel decided not to evaluate the other RNQP criteria for these isolates. This categorisation was performed considering two groups of isolates: those reported in Solanum betaceum (PVA-TamMV, not reported from the EU) and all other isolates (hereafter referred to as PVA, worldwide distribution). Non-EU isolates of PVA and of PVA-TamMV do not meet one of the criteria evaluated by EFSA to be regarded as a potential Union quarantine pest, since they are not expected to have an additional impact in the EU.
Background and Terms of Reference as provided by the requestor 1.1.1. Background
Council Directive 2000/29/EC 1 on protective measures against the introduction into the Community of organisms harmful to plants or plant products and against their spread within the Community establishes the present European Union plant health regime. The Directive lays down the phytosanitary provisions and the control checks to be carried out at the place of origin on plants and plant products destined for the Union or to be moved within the Union. In the Directive's 2000/29/EC annexes, the list of harmful organisms (pests) whose introduction into or spread within the Union is prohibited, is detailed together with specific requirements for import or internal movement.
Following the evaluation of the plant health regime, the new basic plant health law, Regulation (EU) 2016/2031 2 on protective measures against pests of plants, was adopted on 26 October 2016 and will apply from 14 December 2019 onwards, repealing Directive 2000/29/EC. In line with the principles of the above mentioned legislation and the follow-up work of the secondary legislation for the listing of EU regulated pests, EFSA is requested to provide pest categorisations of the harmful organisms included in the annexes of Directive 2000/29/EC, in the cases where recent pest risk assessment/pest categorisation is not available.
Terms of reference
EFSA is requested, pursuant to Article 22(5.b) and Article 29(1) of Regulation (EC) No 178/2002 3 , to provide scientific opinion in the field of plant health.
EFSA is requested to prepare and deliver a pest categorisation (step 1 analysis) for each of the regulated pests included in the appendices of the annex to this mandate. The methodology and template of pest categorisation have already been developed in past mandates for the organisms listed in Annex II Part A Section II of Directive 2000/29/EC. The same methodology and outcome is expected for this work as well.
The list of the harmful organisms included in the annex to this mandate comprises 133 harmful organisms or groups. A pest categorisation is expected for these 133 pests or groups and the delivery of the work would be stepwise at regular intervals through the year as detailed below. First priority covers the harmful organisms included in Appendix 1, comprising pests from Annex II Part A Section I and Annex II Part B of Directive 2000/29/EC. The delivery of all pest categorisations for the pests included in Appendix 1 is June 2018. The second priority is the pests included in Appendix 2, comprising the group of Cicadellidae (non-EU) known to be vector of Pierce's disease (caused by Xylella fastidiosa), the group of Tephritidae (non-EU), the group of potato viruses and virus-like organisms, the group of viruses and virus-like organisms of Cydonia Mill., Fragaria L., Malus Mill., Prunus L., Pyrus L., Ribes L., Rubus L. and Vitis L., and the group of Margarodes (non-EU species). The delivery of all pest categorisations for the pests included in Appendix 2 is end 2019. The pests included in Appendix 3 cover pests of Annex I part A section I and all pest categorisations should be delivered by end 2020.
For the above mentioned groups, each covering a large number of pests, the pest categorisation will be performed for the group and not the individual harmful organisms listed under "such as" notation in the Annexes of the Directive 2000/29/EC. The criteria to be taken particularly under consideration for these cases, is the analysis of host pest combination, investigation of pathways, the damages occurring and the relevant impact.
Finally, as indicated in the text above, all references to 'non-European' should be avoided and replaced by 'non-EU' and refer to all territories with exception of the Union territories as defined in Article 1 point 3 of Regulation (EU) 2016/2031. European Food Safety Authority (EFSA) is asked to develop pest categorisations for non-European Union (EU) isolates of seven potato viruses, i.e. potato leafroll virus and potato viruses A, M, S, V, X and Y (including Yo, Yn and Yc), which are defined by their geographical origin outside the EU. As such, isolates of these viruses occurring outside the EU territory are considered as non-EU isolates. Accordingly, a plant infected with one of these viruses originating in a non-EU country is considered to be infected with a non-EU isolate. All seven viruses are important pathogens of potato and, therefore, there is no uncertainty about the fact that non-EU isolates have an impact on potato crops in absolute terms. However, EU isolates of these viruses already have an impact in the EU; consequently, the Panel decided to evaluate whether the non-EU isolates would have an additional impact compared to the current situation, upon introduction and spread in the EU. This interpretation was agreed with the European Commission.
This scientific opinion presents the pest categorisation of non-EU isolates of potato virus A (PVA). Non-EU isolates of PVA are listed in the Appendices of the Terms of Reference (ToR) to be subject to pest categorisation to determine whether they fulfil the criteria of a quarantine pest for the area of the EU excluding Ceuta, Melilla and the outermost regions of Member States referred to in Article 355(1) of the Treaty on the Functioning of the European Union (TFEU), other than Madeira and the Azores.
Because non-EU isolates of PVA are absent from the EU, they do not meet one of the requirements to be regulated as an regulated non-quarantine pest (RNQP) (presence in the EU); as a consequence, the Panel decided not to evaluate the other RNQP criteria for these isolates.
The new Plant Health Regulation (EU) 2016/2031 4 , on the protective measures against pests of plants, will be applying from December 2019. The regulatory status sections (Section 3.3) of the present opinion are still based on Council Directive 2000/29/EC, as the document was adopted in November 2019.
2.
Data and methodologies 2.1. Data
Literature search
A literature search on potato virus A (PVA) was conducted in the ISI Web of Science bibliographic database. The scientific name of the pest was used as search term. Relevant papers were reviewed with a focus on potential differences between isolates and strains. Further references and information were obtained from experts, as well as from citations in the reviewed papers and grey literature. The search was continued until no further information could be found or until the collected information was considered sufficient to perform the pest categorisation; consequently, the presented data are not necessarily exhaustive.
Database search
Information on hosts, vectors and distribution at species level, was retrieved from CABI Crop Protection Compendium (CABI cpc) and relevant publications. Additional data on isolates distribution were obtained from the literature.
Data about the import of commodity types that could potentially provide a pathway for the pest to enter the EU and about the area of hosts grown in the EU were obtained from EUROSTAT (Statistical Office of the European Communities).
The Europhyt database was consulted to identify interceptions of non-EU isolates of PVAF. Europhyt is a web-based network run by the Directorate General for Health and Food Safety (DG SANT E) of the European Commission and is a subproject of PHYSAN (Phyto-Sanitary Controls) specifically concerned with plant health information. The Europhyt database manages notifications of interceptions of plants or plant products that do not comply with EU legislation, as well as notifications of plant pests detected in the territory of the Member States (MSs) and the phytosanitary measures taken to eradicate or avoid their spread.
Methodologies
The Panel performed the pest categorisation for non-EU isolates of PVA, following the guiding principles and steps presented in the EFSA guidance on quantitative pest risk assessment (EFSA PLH Panel, 2018) and in the International Standard for Phytosanitary Measures No 11 (FAO, 2013) and No 21 (FAO, 2004) .
General information on PVA will be provided at species level. Further information will be added at the level of strains, lineages and/or non-EU isolates when available and/or applicable.
This work was initiated following an evaluation of the EU plant health regime. Therefore, to facilitate the decision-making process, in the conclusions of the pest categorisation, the Panel addresses explicitly each criterion for a Union quarantine pest in accordance with Regulation (EU) 2016/2031 on protective measures against pests of plants, and includes additional information required in accordance with the specific ToR received by the European Commission. As explained in the interpretation of the ToR, the criterion on impact focuses on additional impact of non-EU isolates of PVA. For each conclusion, the Panel provides a short description of its associated uncertainty. Table 1 presents the Regulation (EU) 2016/2031 pest categorisation criteria on which the Panel bases its conclusions. All relevant criteria have to be met for the pest to potentially qualify as a quarantine pest. If one of the criteria is not met, the pest will not qualify.
It should be noted that the Panel's conclusions are formulated respecting its remit and particularly with regard to the principle of separation between risk assessment and risk management (EFSA founding regulation (EU) No 178/2002); therefore, the Panel will present a summary of the reported impacts. Impacts are expressed in terms of yield and quality losses and not in monetary terms, whereas addressing social impacts is outside the remit of the Panel. Is the identity of the pest established, or has it been shown to produce consistent symptoms and to be transmissible?
Is the identity of the pest established, or has it been shown to produce consistent symptoms and to be transmissible?
Is the identity of the pest established, or has it been shown to produce consistent symptoms and to be transmissible? If the pest is present in the EU but not widely distributed in the risk assessment area, it should be under official control or expected to be under official control in the near future The protected zone system aligns with the pest-free area system under the International Plant Protection Convention (IPPC) The pest satisfies the IPPC definition of a quarantine pest that is not present in the risk assessment area (i.e. protected zone)
Is the pest regulated as a quarantine pest? If currently regulated as a quarantine pest, are there grounds to consider its status could be revoked?
Pest potential for entry, establishment and spread in the EU territory (Section 3.4) Is the pest able to enter into, become established in, and spread within, the EU territory? If yes, briefly list the pathways! Is the pest able to enter into, become established in, and spread within, the protected zone areas?
Is entry by natural spread from EU areas where the pest is present possible?
Is spread mainly via specific plants for planting, rather than via natural spread or via movement of plant products or other objects? Clearly state if plants for planting is the main pathway! Potential for consequences in the EU territory (Section 3.5) Would the pests' introduction have an economic or environmental impact on the EU territory?
Would the pests' introduction have an economic or environmental impact on the protected zone areas?
Does the presence of the pest on plants for planting have an economic impact as regards the intended use of those plants for planting?
Available measures (Section 3.6)
Are there measures available to prevent the entry into, establishment within or spread of the pest within the EU such that the risk becomes mitigated?
Are there measures available to prevent the entry into, establishment within or spread of the pest within the protected zone areas such that the risk becomes mitigated?
Is it possible to eradicate the pest in a restricted area within 24 months (or a period longer than 24 months where the biology of the organism so justifies) after the presence of the pest was confirmed in the protected zone?
Are there measures available to prevent pest presence on plants for planting such that the risk becomes mitigated?
The Panel will not indicate in its conclusions of the pest categorisation whether to continue the risk assessment process, but following the agreed two-step approach, will continue only if requested by the risk managers. However, during the categorisation process, experts may identify key elements and knowledge gaps that could contribute significant uncertainty to a future assessment of risk. It would be useful to identify and highlight such gaps so that potential future requests can specifically target the major elements of uncertainty, perhaps suggesting specific scenarios to examine.
Nomenclature
Virus nomenclature is reported using the latest release of the official classification by the International Committee on Taxonomy of Viruses (ICTV, Release 2018b.v1, https://talk.ictvonline. org/taxonomy/). Virus names are not italicised throughout this opinion, corresponding to ICTV instructions.
3.
Pest categorisation 3.1. Identity and biology of the pest
Identity and taxonomy
Potato virus A (PVA) is a well-characterised virus in the genus Potyvirus, family Potyviridae (Adams et al., 2011) . PVA has a single-stranded positive-sense RNA genome and complete and/or partial genomic sequences are available for a number of isolates.
Biology of the pest
PVA isolates, including PVA-TamMV, are not reported to be transmitted by pollen or true seeds (Bartels, 1971) . They are transmitted by vegetative propagation (via tubers) and are expected to be transmitted mechanically since they have been shown to be readily transmitted under experimental conditions (Bartels, 1971; de Bokx, 1972) .
In addition, PVA isolates, including PVA-TamMV, are reported to be transmitted by several aphid species (Hemiptera: Aphididae) including Aphis fabae (Scopoli), Macrosiphum euphorbiae (Thomas), Metopolophium dirhodum (Walker), Myzus persicae (Sulzer), Sitobion avenae (Fabricius) and Rhopalosiphum padi (Linnaeus) (Bartels, 1971; Mossop, 1977; Andrejeva et al., 1996; Fox et al., 2017; CABI, 2019) . However, for some isolates, aphid transmission failed or is reported as inefficient (Rajamaki et al., 1998) . Currently, a relationship between aphid transmission and phylogenetic grouping or geographic distribution has not been identified (Rajamaki et al., 1998) . A statement as to whether (1) all criteria assessed by EFSA above for consideration as a potential quarantine pest were met and (2) if not, which one(s) were not met A statement as to whether (1) all criteria assessed by EFSA above for consideration as potential protected zone quarantine pest were met, and (2) if not, which one(s) were not met A statement as to whether (1) all criteria assessed by EFSA above for consideration as a potential RNQP were met, and (2) if not, which one(s) were not met Is the identity of the pest established, or has it been shown to produce consistent symptoms and to be transmissible?
Intraspecific diversity
Viruses generally exist as quasispecies, which means that they accumulate as a cluster of closely related sequence variants in a single host (Andino and Domingo, 2015) . This is likely due to competition among the genomic variants that are generated as a consequence of the error-prone viral replication (higher in RNA than in DNA viruses) and the ensuing selection of the most fit variants in a given environment (Domingo et al., 2012) . This genetic variability may have consequences on the virus' biological properties (e.g. host range, transmissibility and pathogenicity) as well as on the reliability of detection methods, especially when they target variable genomic regions.
This pest categorisation focuses on taxonomic levels below the species level, i.e. on isolates, lineages, and strains, which are defined in this opinion as follows:
• Isolate: virus population as present in a plant; • Lineage: group of isolates belonging to a distinct phylogenetic cluster;
• Strain: group of isolates sharing biological, molecular and/or serological properties (Garcia-Arenal et al., 2001) .
ICTV does not address taxonomic levels below the species level and, therefore, the names of lineages and/or strains are based on reports in literature. In the past, the term 'strain' has also often been used as a synonym for 'isolate'. As a consequence of this inconsistent use of terminology, the literature is often unclear.
Studies showing an unambiguous relationship between specific virus genotypes (isolates/lineage/ strains) and biological properties are limited. Moreover, the interpretation of such data may be hampered because discrimination between strains based on biological data is not always supported by genomic data. Historically, strains have been distinguished for many viruses, including PVA, based on differences in reactions on a set of indicator plants. This differentiation became further established by serology, by using monoclonal antibodies specifically selected to discriminate between the earlier distinguished strains. However, with the advent of molecular techniques, it became apparent that the initial biological and/or serological strain differentiation was not always supported by phylogenetic analyses of isolates based on genomic data. Moreover, the discrimination between strains might be further complicated by the existence of recombinant isolates, hampering an unambiguous assignment of isolates to recognised strains. This implies that there is frequent uncertainty about the interpretation of (older) data on strain differentiation and on geographical distribution.
There have been several approaches to distinguish PVA strains; i.e. on the basis of reactions on indicator plants, serological properties and genomic data. PVA strains have been distinguished based on differential responses of potato cultivars and of Nicandra physalodes (Bartels, 1971; Valkonen et al., 1995) . Phylogenetic sequence analysis, using the coding region of the CP gene separated two major lineages, PVA-I and PVA-II (Mortensen et al., 2010; He et al., 2014) . PVA-I isolates are reported to occur both in and outside the EU, PVA-II isolates are only reported from the EU. Currently, there is no evidence for the existence of PVA-II isolates outside the EU. However, since this grouping is based only on sequence comparison, without a link to biological properties, PVA will not be categorised along the PVA-I/PVA-II lineages.
Furthermore, tamarillo mosaic virus (TamMV) has been reported from Solanum betaceum (Eagles et al., 1990; Andrejeva et al., 1996) and, based on sequence analysis, was later considered an isolate of PVA, hereafter referred to as PVA-TamMV (Rajamaki et al., 1998; Kekarainen et al., 1999; Mortensen et al., 2010) . PVA-TamMV does not group within lineages PVA-I or PVA-II and, based on whole genome sequences, has been reported to be the most distant isolate of PVA (Kekarainen et al., 2002; He et al., 2014) . Based on sequence comparisons, He et al. (2014) provided evidence for recombination between PVA isolates and PVA-TamMV within their CP gene. The directionality of this recombination event is not known, so it is not possible to know whether PVA-TamMV or PVA isolates is (are) the actual recombinant(s). Because of its distant phylogenetic position and the difference in natural host range, PVA-TamMV will be categorised separately (see Table 2 ).
Detection and identification of the pest
As mentioned in the pest categorisation of non-EU viruses and viroids of potato (EFSA PLH Panel, 2020), virus detection and identification is complicated by several recurrent uncertainties. ICTV lists species demarcation criteria, but it is not always clear whether these are met in diagnostic tests. Furthermore, in the absence or near absence of information on genetic variability, it is not possible to guarantee that a given test will detect all variants of a species. On the contrary, generic tests may detect closely related viruses in addition to the target species. This implies that the reliability of a test depends on its validation for the intended use. For initial screening, it is important to prevent falsenegative results, which means that the following performance characteristics are most relevant: analytical sensitivity, inclusivity of analytical specificity (coverage of the intra-species variability) and selectivity (matrix effects). For identification, it is important to prevent false positives and, therefore, the possible occurrence of cross-reactions should be determined, i.e. the exclusivity of the analytical specificity (the resolution should be sufficient to discriminate between related species).
PVA is a well-known virus for which detection methods are available. Bioassays associated with ELISA and/or (real-time) RT-PCR are available for the detection and identification of PVA at the species level (Rajamaki et al., 1998; Spetz et al., 2003; Agindotan et al., 2007; Loebenstein and Gaba, 2012) .
Isolates of PVA-TamMV can be detected using bioassays associated with ELISA (Rajamaki et al., 1998) . They can be identified by partial genomic sequencing. Based on the two coat protein sequences available (NCBI GenBank accession AY995213 and X54804) (Eagles et al., 1990) , additional molecular methods could be developed to identify PVA-TamMV, with uncertainty on their specificity (inclusivity and exclusivity).
3.2.
Pest distribution 3.2.1. Pest distribution outside the EU PVA occurs worldwide wherever potato is grown (CABI cpc, 2019) . Isolates of PVA are reported in Asia, Africa, Europe, North America, South America and Oceania (Rajamaki et al., 1998; Spetz et al., 2003; Maoka et al., 2010; Robertson et al., 2011; Larbi et al., 2012; He et al., 2014; de Neergaard et al., 2014; Were et al., 2014; Priegnitz et al., 2018) .
In the absence of specific surveys, there is only limited information on the geographical distribution of the PVA lineages. PVA-I isolates are reported worldwide, including the EU (He et al., 2014) , whereas PVA-II isolates are only reported in the EU (Mortensen et al., 2010; He et al., 2014) . PVA-TamMV isolates are only reported from New Zealand (Eagles et al., 1990 (Eagles et al., , 1994 . In addition, PVA has been reported from Solanum betaceum in Rwanda (Anastase et al., 2019) . However, in the absence of sequence information, the identity of the involved isolate(s) remains uncertain. Andrejeva et al. (1996) , Rajamaki et al. (1998) , Mortensen et al. (2010) Are detection and identification methods available for the pest?
Pest distribution in the EU
Yes. Methods are available for detection and identification of PVA at species level, and therefore for the identification of non-EU isolates. Identification of PVA-TamMV would require partial genomic sequencing.
As indicated in the previous section, PVA-I isolates are reported worldwide including several EU Member States (Finland, Germany, Hungary, the Netherlands and the United Kingdom) (Mortensen et al., 2010; He et al., 2014) . PVA-II isolates are only reported in the EU (Mortensen et al., 2010) .
PVA-TamMV isolates are not reported in the EU. However, this assessment is associated with uncertainties in the absence of specific surveys. Table 3 ). Without prejudice to the prohibitions applicable to the tubers listed in Annex III(A) (10), (11) and (12), official statement that: (a) the tubers originate in areas known to be free from Synchytrium endobioticum (Schilbersky) Percival (all races other than Race 1, the common European race), and no symptoms of Synchytrium endobioticum (Schilbersky) Percival have been observed either at the place of production or in its immediate vicinity since the beginning of an adequate period; or (b) provisions recognised as equivalent to the Community provisions on combating Synchytrium endobioticum (Schilbersky) Percival in accordance with the procedure referred to in Article 18(2) have been complied with, in the country of origin 25.2.
Legislation addressing potato
Tubers of Solanum tuberosum L. Without prejudice to the provisions listed in Annex (A) (10), (11) and (12) Without prejudice to the provisions applicable to the tubers listed in Annex III(A)(10), (11) and (12) either, the tubers originate from a place of production which has been found free from Meloidogyne chitwoodi Golden et al. (all populations) and Meloidogyne fallax Karssen based on an annual survey of host crops by visual inspection of host plants at appropriate times and by visual inspection both externally and by cutting of tubers after harvest from potato crops grown at the place of production, or the tubers after harvest have been randomly sampled and, either checked for the presence of symptoms after an appropriate method to induce symptoms or laboratory tested, as well as inspected visually both externally and by cutting the tubers, at appropriate times and in all cases at the time of closing of the packages or containers before marketing according to the provisions on closing in Council Directive 66/403/EEC, and no symptoms of (1) Without prejudice to the special requirements applicable to the tubers listed in Annex IV(A)(II) (18.1), official statement that the tubers: belong to advanced selections such a statement being indicated in an appropriate way on the document accompanying the relevant tubers, have been produced within the Community, and have been derived in direct line from material which has been maintained under appropriate conditions and has been subjected within the Community to official quarantine testing in accordance with appropriate methods and has been found, in these tests, free from harmful organisms.
18.3
Plants of stolon or tuber-forming species of Solanum L., or their hybrids, intended for planting, other than those tubers of Solanum tuberosum L. specified in Annex IV(A)(II) (18.1) or (18.2), and other than culture maintenance material being stored in gene banks or genetic stock collections (a) The plants shall have been held under quarantine conditions and shall have been found free of any harmful organisms in quarantine testing; (b) the quarantine testing referred to in (a) shall: (aa) be supervised by the official plant protection organisation of the Member State concerned and executed by scientifically trained staff of that organisation or of any officially approved body; (bb) be executed at a site provided with appropriate facilities sufficient to contain harmful organisms and maintain the material including indicator plants in such a way as to eliminate any risk of spreading harmful organisms;
(cc) be executed on each unit of the material; by visual examination at regular intervals during the full length of at least one vegetative cycle, having regard to the type of material and its stage of development during the testing programme, for symptoms caused by any harmful organisms, by testing, in accordance with appropriate methods to be submitted to the Committee referred to in Article 18: in the case of all potato material at least for: Annex V Plants, plant products and other objects which must be subject to a plant health inspection (at the place of production if originating in the Community, before being moved within the Community-in the country of origin or the consignor country, if originating outside the Community) before being permitted to enter the Community Part A Plants, plant products and other objects originating in the Community Section I Plants, plant products and other objects which are potential carriers of harmful organisms of relevance for the entire Community and which must be accompanied by a plant passport 1.3.
Plants of stolon-or tuber-forming species of Solanum L. or their hybrids, intended for planting.
Section II
Plants, plant products and other objects which are potential carriers of harmful organisms of relevance for certain protected zones and which must be accompanied by a plant passport valid for the appropriate zone when introduced into or moved within that zone
Without prejudice to the plants, plant products and other objects listed in Part I 1.5.
Tubers of Solanum tuberosum L., intended for planting.
Legislation addressing the organisms that vector PVA (Directive/2000/29/EC)
PVA and PVA-TamMV are reported to be transmitted by aphid vectors (see Section 3.1.2) which are not subject to specific regulation.
3.4.
Entry, establishment and spread in the EU 3.4.1. Host range Table 5 provides information on reports of natural hosts of PVA and PVA-TamMV isolates including the associated uncertainties and regulation.
Due to the absence of specific surveys for PVA-TamMV, any isolate of the PVA-TamMV lineage in a host other than S. betaceum would likely have been identified as a PVA isolate. Therefore, it cannot be excluded that the natural host range of PVA-TamMV lineage is similar to that of PVA.
Entry
The following pathways can be considered for entry of non-EU isolates of PVA into the EU: potato plants for planting (seed potatoes, microplants), ware potatoes (i.e. tubers intended for consumption or processing), plants for planting and fruits of other natural hosts and viruliferous aphid vectors (see Table 6 for the major pathways).
PVA is transmitted by vegetative propagation and therefore seed potatoes and more generally, potato plants for planting, are considered the most important pathway for entry. The potential pathways for entry of non-EU isolates via seed potatoes of Solanum tuberosum and plants for planting of other tuber-forming Solanum species and their hybrids is addressed by the current EU legislation (Table 4 ; (EU) 2000/29 Annex IIIA, 10 and 11), which sets that import is not allowed from third countries except Switzerland. However, import of seed potatoes from Canada into Greece, Spain, Italy, Cyprus, Malta and Portugal is allowed by a derogation /778/EU, 2014 /368/EU, document C (2014 . PVA is reported from Canada (Rajamaki et al., 1998) and, by definition, the PVA isolates present in this country are considered to be non-EU isolates. Therefore, the pathway of plants for planting is considered partially regulated for non-EU isolates of PVA. Potato is not reported as a natural host for PVA-TamMV and plants for planting of potato are therefore not considered a pathway. However, potato is known to be an experimental host of PVA-TamMV. PVA-TamMV isolates are not : IVAI 16.6, 25.7, 36.3, IVAII 18.6.1, 18.7; VBI 1, 3. Nicotiana sp.: IVAI 25.7; IVAII 18.7. Solanum sp.: IIIA 10, 11, 12; IVAI 25.1, 25.2, 25.3, 25.4, 25.4.1, 25.4.2, 25.5, 25.6, 25.7, 25.7.1, 25.7.2, 28.1, 36.2, 45.3, 48; IVAII 18.1, 18.1.1, 18.2, 18.3, 18.3.1, 18.4, 18.5, 18.6, 18.6.1, 18.7, 26.1, 27; IVBI 20.1, 20.2; VAI 1.3, 2.4; VAII 1.5; VBI 1, 3, 4 . Solanaceae: IIIA 13
PVA-TamMV
Solanum betaceum (Eagles et al., 1990) Limited information. Additional natural hosts may exist Narrow experimental host range reported, including two S. tuberosum cultivars (Mossop, 1977; Rajamaki et al., 1998) reported in Canada and Switzerland. Should these isolates infect potato naturally, the pathway would be closed by legislation given their geographical distribution.
Entry of ware potatoes is addressed by the current EU legislation (Table 4 , Annex IIIA, 12). Import of ware potatoes is prohibited from third countries other than Algeria, Egypt, Israel, Libya, Morocco, Syria, Switzerland, Tunisia and Turkey, and from European non-EU countries which do not meet a series of requirements addressing several other pathogens (see Table 4 ). As reported in the pest categorisation of non-EU viruses and viroids of potato (EFSA PLH Panel, 2020), the majority of the imported ware potatoes comes from Egypt and Israel (47 and 47.2%, respectively). Note that as long as ware potatoes are used for the intended use (consumption or processing), the ability of the non-EU isolates of PVA to establish is low. In addition, there are specific measures in place (Annex IV 25.3) for countries where potato spindle tuber viroid is known to occur (according to EPPO: Egypt, Israel and Turkey) aimed at mitigating the risk of establishment by suppression of the faculty of germination of ware potatoes, other than early potatoes, from these countries. PVA is, or is considered to be, present in these specified countries and, by definition, the PVA isolates present in these countries are considered non-EU isolates. They can in principle enter the EU via the ware potato pathway as there are no specific measures in place that mitigate the risk of entry. Therefore, the pathway of ware potatoes is considered partially regulated for non-EU isolates of PVA. Potato is not reported as a natural host for PVA-TamMV and ware potatoes are therefore not considered a pathway. However, potato is known to be an experimental host of PVA-TamMV. PVA-TamMV is not reported from countries subject to import derogations. Should PVA-TamMV isolates infect potato naturally, the pathway would be closed by legislation given their geographical distribution.
PVA has a limited number of natural hosts in addition to potato (see Section 3.4.1). Plants for planting of solanaceous hosts can be imported from European and Mediterranean countries; plants for planting of non-solanaceous hosts (Celosia and Impatiens) can be imported irrespective of the country of origin. In both cases, plants for planting provide an additional pathway of entry, although the magnitude of the trade is unclear. Overall, the pathway of plants for planting of other hosts than potato is considered partially regulated for non-EU isolates of PVA. The only known natural host of PVA-TamMV is S. betaceum, but it cannot be excluded that the natural host range of PVA-TamMV is comparable to that of PVA (see Section 3.4.1). Since PVA-TamMV is not reported from European and Mediterranean countries, the pathway of plants for planting of solanaceous hosts other than potato is considered closed by legislation, and the pathway of plants for planting of the other potential nonsolanaceous hosts is considered possibly open for non-EU isolates of PVA-TamMV. This assessment is affected by uncertainties on trade and host range.
Viruliferous aphid vectors are a possible pathway of entry for non-EU isolates of PVA (see Section 3.1.3). Since the relevant aphid species are not subject to specific regulation, this pathway is open for non-EU isolates of PVA and PVA-TamMV. However, PVA is transmitted by aphids in a nonpersistent manner, which implies that viruliferous aphids will lose the ability to transmit the virus within a short period. Therefore, this pathway is considered to be of minor importance and is not listed in Table 6 . Import of fruits can be an additional pathway for entry of non-EU isolates of PVA, including PVA-TamMV. However, the lack of seed transmission (see Section 3.1.3) reduces the relevance of this potential pathway. Aphid vectors can probe the infected fruits and acquire the virus for later transmission, as shown for other potyviruses such as papaya ringspot virus and zucchini yellow mosaic virus from melons, and plum pox virus from peaches (Lecoq et al., 2003; Gildow et al., 2004) . Fruits of Capsicum annuum can be imported from a range of countries where PVA isolates have been reported. Overall, this pathway is considered to be open for non-EU isolates of PVA. The pathway is considered similarly open for non-EU isolates of PVA-TamMV. In both cases, there are uncertainties about the volume of trade. However, given the relatively unlikely series of events involved (aphids feeding on imported fruits followed by moving to susceptible plants) and the absence of seed transmission, this pathway is considered as minor and therefore not listed in Table 6 . Table 7 reports the only interception of PVA by EU member states during the period between 1995 and 8 August 2019. Only interceptions involving consignments imported from outside the EU were considered.
Establishment

EU distribution of main host plants
Potato is widely grown in the EU, as reported in the pest categorisation of non-EU viruses and viroids of potato (EFSA PLH Panel, 2020).
There is no evidence in Eurostat that S. betaceum (tamarillo) is commercially grown in the EU. Still, some cultivation might exist on a limited scale (commercial or non-commercial) in the frost-free southernmost part of the EU (e.g. citrus-growing areas). There is thus uncertainty about the presence of the only known natural host of PVA-TamMV in the EU. , but existence cannot be excluded based on comparisons with the biology of closely related viruses (in the same genus or family). 'Pathway regulated': regulations exist that limit the probability of entry along the pathway, but there is not a complete ban on imports. 'Pathway partially regulated': pathway consists of several sub-pathways, some are open, while others are closed (e.g. regulation for some hosts, but not for others; a ban exists for some non-EU MSs but not for all). 'Not a pathway': no evidence supporting the existence of the pathway (2): Plants for planting, including seeds and pollen, of other hosts which are listed in Table 5 . (1): Illegal import.
Is the pest able to become established in the EU territory?
Yes. Non-EU isolates of PVA are likely to become established in the EU territory, as EU isolates and the main hosts are already present in the EU. This statement is associated with uncertainty for non-EU isolates of PVA-TamMV because their ability to naturally infect potato is not fully established and because of uncertainties about the presence of the only known natural host of PVA-TamMV (S. betaceum, tamarillo) in the EU.
Climatic conditions affecting establishment
Except for those conditions affecting survival of the host plants, no eco-climatic constrains exist for the PVA isolates categorised here. Therefore, it is expected that these isolates are able to establish wherever their hosts may live. Potato is widely cultivated in the EU, and therefore, the Panel considers that climatic conditions will not impair the ability of the viruses addressed here to establish in the EU. However, it must be taken into consideration that virus impact, accumulation and distribution within natural hosts are dependent on environmental conditions. The same applies to expression of symptoms, vector populations and virus transmission being affected by climatic conditions.
Spread
Non-EU isolates of PVA, including PVA-TamMV, can be transmitted by aphids (see Section 3.1.3), including Myzus persicae (Sulzer), which is widespread in and outside the EU (see Figure 1 ).
Impacts
As mentioned in the pest categorisation of non-EU viruses and viroids of potato (EFSA PLH Panel, 2020), symptoms caused by viruses are influenced by different factors, such as the isolate of the virus, the host and variety, and environmental conditions. A causal relation between a virus and reported Is the pest able to spread within the EU territory following establishment?
Yes. Non-EU isolates of PVA, including PVA-TamMV, can spread via plants for planting, by mechanical transmission, and in addition, most of them can be spread by aphid vectors.
Would the pests' introduction have an economic or environmental impact on the EU territory?
No. Non-EU isolates of PVA are not known to differ from PVA isolates already present in the EU and no additional impact is therefore expected on the EU territory.
Non-EU isolates of PVA-TamMV are not expected to have an additional impact in the EU territory, because the only known natural host (S. betaceum, tamarillo) is not grown on a significant scale in the EU. Should these isolates be able to infect potato, no additional impact is expected because under experimental conditions induced symptoms in S. tuberosum were identical to those of the potato-infecting PVA isolates already present in the EU.
Potato virus A (non-EU isolates): Pest categorisation
symptoms is not always clear, for example, in the case of mixed infections. Mixed infections are especially common in vegetative-propagated crops such as potato and the presence of additional viruses might increase or attenuate the observed symptoms. Therefore, reports on the symptomatology of individual viruses might not be conclusive, leading to uncertainties on the causal relation between a virus and the symptoms reported. Infection of PVA in potatoes are usually mild, but yield losses up to 40% have been observed in extreme cases (Bartels, 1971) . Limited biological data are available for most isolates of PVA. There is no evidence that PVA isolates present outside of the EU might have different biological properties than those already present in the EU. Therefore, non-EU isolates of PVA are not expected to have an additional impact over the current situation, with uncertainties.
There are no reports of PVA-TamMV naturally infecting potato. PVA-TamMV could infect some potato cultivars experimentally and induce symptoms identical to those of the other PVA isolates studied, although fewer potato cultivars could be infected by PVA-TamMV (Rajamaki et al., 1998) . Therefore, additional impact of PVA-TamMV is not expected on potato.
PVA-TamMV is reported to infect Solanum betaceum (tamarillo), affecting both plant appearance and fruit quality (MacDiarmid, 1994) . There is no information in Eurostat regarding the commercial production in the EU of this plant. However, the Panel takes note (of the fact) that in part of the EU the climate might be suitable to grow S. betaceum. It is nevertheless unclear whether S. betaceum is grown on any significant scale in the EU, and additional impact is therefore not expected, with uncertainty. Further uncertainty stems from the lack of information on the ability of isolates of PVA present in the EU to infect S. betaceum.
3.6.
Availability and limits of mitigation measures 3.6.1. Identification of additional measures
Phytosanitary measures are currently applied to potato and other hosts (see Sections 3.3 and 3.4.1). Potential additional measures to mitigate the risk of entry of the isolates categorised in this opinion may include:
• Repel import derogations for potato plants for planting; • Set specific phytosanitary requirements addressing the isolates categorised in this opinion for imported seed potatoes and/or ware potatoes;
• Extension of phytosanitary measures to specifically include hosts other than potato; • Banning import of non-potato hosts plants for planting from countries where PVA is present; • Extension of certification schemes and testing requirements to non-solanaceous natural hosts; • Extension of plant passport requirements to specifically include hosts other than stolon-and tuber-forming Solanum species.
In addition, non-EU isolates of PVA, including PVA-TamMV, may enter in the EU through viruliferous aphids. Measures against aphids may include chemical treatment of consignments identified as potential entry pathways. 
Additional control measures
Uncertainty
The Panel identified the following knowledge gaps and uncertainties:
Identity and biology
• Lack of biological data, i.e. on host range, transmission and pathogenicity.
• Uncertainty on the existence of other non-EU isolates of PVA that have not yet been identified and might have additional impact on the EU territory.
Pest distribution
• Uncertainty on the geographical distribution and prevalence of PVA and PVA-TamMV because of the absence of systematic surveys.
Regulatory status
• The concept of 'non-EU isolates' leaves some room for interpretation, which may create confusion or difficulties when enforcing the legislation (see Section 1.2).
Entry, establishment and spread in the EU (host range, entry, establishment, spread)
• Uncertainty on the host range of the categorised groups of isolates of PVA, particularly in the case of PVA-TamMV.
• Uncertainty on the cultivation of Solanum betaceum in the EU.
• Uncertainty on the trade volumes of some commodities that constitute pathways of entry.
Impact
• Uncertainty on the impact of non-EU isolates and whether this impact would exceed that of the isolates already present in the EU.
Conclusions
The information currently available on geographical distribution, biology, epidemiology, potential additional impact over the present situation and potential entry pathways of non-EU isolates of potato virus A (PVA) has been evaluated with regard to the criteria to qualify as potential Union quarantine pest. The conclusions of the Panel are summarised in Table 10 .
Non-EU isolates of PVA and PVA-TamMV do not meet one of the criteria evaluated by EFSA to be regarded as a potential Union quarantine pest, since they are not expected to have an additional impact in the EU.
The Panel wishes to stress that these conclusions are associated with uncertainties because of limited information on distribution, biology and impact of PVA and PVA-TamMV isolates. Furthermore, other potentially harmful non-EU isolates of PVA might exist that are currently unknown. There is no indication that non-EU isolates of PVA differ biologically from PVA isolates already present in the EU and, therefore, they are not expected to have an additional impact Non-EU isolates of PVA-TamMV are also not expected to have an additional impact because the only known natural host (S. betaceum, tamarillo) is not significantly grown in the EU and, should these isolates be able to infect potato, no additional impact is expected Uncertainty on the impact of non-EU isolates of PVA and PVA-TamMV
Available measures (Section 3.6)
Phytosanitary measures are available to reduce the likelihood of entry and spread of non-EU isolates of PVA and PVA-TamMV in the EU
No uncertainty
Conclusion on pest categorisation (Section 4)
Non-EU isolates of PVA and PVA-TamMV do not meet one of the criteria evaluated by EFSA to be regarded as a potential Union quarantine pest, since they are not expected to have an additional impact in the EU Aspects of assessment to focus on/scenarios to address in future if appropriate
The main knowledge gaps or uncertainties identified concern:
-Lack of information on the biology of the categorised groups of isolates (e.g. host range, distribution and pathogenicity) -Uncertainty on the cultivation of Solanum betaceum in the EU -Volume of trade and countries of origin of plants for planting of non-potato hosts -Uncertainty on the impact of non-EU isolates of PVA and PVA-TamMV Lineage Group of isolates belonging to a distinct phylogenetic cluster Measures Control (of a pest) is defined in ISPM 5 (FAO 2017) as 'Suppression, containment or eradication of a pest population' (FAO, 1995 Any means that allows the entry or spread of a pest (FAO, 2017) Phytosanitary measures Any legislation, regulation or official procedure having the purpose to prevent the introduction or spread of quarantine pests, or to limit the economic impact of regulated non-quarantine pests (FAO,
2017) Protected zones (PZ)
A Protected zone is an area recognised at EU level to be free from a harmful organism, which is established in one or more other parts of the Union Quarantine pest A pest of potential economic importance to the area endangered thereby and not yet present there, or present but not widely distributed and being officially controlled (FAO, 2017) Regulated non-quarantine pest A non-quarantine pest whose presence in plants for planting affects the intended use of those plants with an economically unacceptable impact and which is therefore regulated within the territory of the importing contracting party (FAO, 2017) Risk reduction option (RRO)
A measure acting on pest introduction and/or pest spread and/or the magnitude of the biological impact of the pest should the pest be present. A RRO may become a phytosanitary measure, action or procedure according to the decision of the risk manager Spread (of a pest) Expansion of the geographical distribution of a pest within an area (FAO, 2017) Strain
Group of isolates sharing biological, molecular and/or serological properties
